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SYSTEM AND METHOD FOR INTENSITY CONTROL OF A PIXEL 



BACKGROUND 



Field: 



The subject matter described herein relates generally to 
the field of display devices and, more particularly, to a 
system and method for intensity control of a pixel. 

Background: 

To achieve a gray scale of 256 levels between black and 
white, a pixel may be driven by 256 different pulse widths 
between a 0 to 100 percent duty cycle, or by 256 different 
voltage levels. Similarly, color displays, for example, those 
that use a red, green, and blue dot per pixel, have each dot 
energized to different intensities, creating a range of colors 
perceived as a mixture of these colors. 

The resolution of short pulse widths and small voltage 
steps may be difficult to achieve due to liquid crystal and 
circuit constraints . 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram of a particular system for intensity 
control of a pixel. 
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FIG. 2 is a diagram of one embodiment of waveforms 
driving the pixel shown in FIG. 1. 

FIG. 3 is a diagram of an alternative embodiment of 
waveforms driving the pixel shown in FIG. 1. 
5 FIG. 4 is a diagram of another alternative embodiment of 

waveforms for driving a pixel. 

FIG. 5 is a diagram of another alternative embodiment of 
waveforms for driving a pixel. 

FIG. 6 is a diagram of another alternative embodiment of 

q 

;0 10 waveforms for driving a pixel. 



Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

A system and method for intensity control of a pixel is 
15 disclosed. The system and method may increase gray-scale 

resolution of liquid-crystal-on-semiconductor (LCOS) displays. 
Gray scale as used herein refers to gray scale systems and 
color systems. Tones as used herein refers to the intensity 
of the pixel . 

20 FIG. 1 is a diagram of a particular system for intensity 

control of a pixel. An LCOS chip may have a pixel divided 
into an outer subpixel 102 and an inner subpixel 104. The 
size of the subpixels may be, for example, 10 microns or less, 
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The subpixels may be adjusted to compensate for fringing 
effects, for example, the subpixels may be concentric. In the 
particular design shown in FIG. 1, the light output ratio of 
the subpixels may be about 1:1. The subpixel area may be 
about one-half of the area of an undivided pixel that uses a 
typical pulse-width modulated signal. 

A driver 106 may independently drive the subpixels. The 
driver technique may use pulse-width modulation. Because the 
pixel is divided into subpixels longer pulses may be used as 
driving pulses. These may be longer than the pulses that 
would otherwise drive an undivided pixel. These longer pulses 
may provide for a pulse shape that is within the liquid 
crystal and circuit constraints. 

FIG. 2 is a diagram of one embodiment of waveforms 
driving the pixel shown in FIG. 1. The figure illustrates a 
three-bit example that provides a gray scale with eight tones 
(=2 3 ) . The two subpixels collectively provide one spatial bit 
(s=l) , but the waveform provides two pulse widths or 
electrical bits (e=2) . Shaded pulses may be applied to the 
inner subpixel, and unshaded pulses may be applied to both the 
inner subpixel and the outer subpixel. 

The least-significant pulse width, shown as the shaded 
first pulse 202, and the next-to-the-least-signif icant pulse 
width 204 may be about the same width, for example, two- 
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eighths (2/8) . This width is about twice the width of the 
least-significant pulse width (1/8) of a typical pulse-width 
modulated signal that drives an undivided pixel. The most- 
significant pulse width 206 in this example is about twice the 
width of the other two pulses. 

The first pulse 202 may be applied to one of the 
subpixels, for example, the inner pixel 104. The one-half 
area (1/2) of the inner subpixel and the two-eighths width 
(2/8) of the first pulse may result in a one-eighth (1/8) 
gray-scale tone. 

The second pulse 204 may be applied to the inner subpixel 
104 and the outer subpixel 102 to produce a two-eighths (2/8) 
gray-scale tone. The first pulse 202 may be applied to the 
inner subpixel and the second pulse 204 may be applied to the 
inner subpixel and the outer subpixel to produce a three- 
eighths (3/8) gray-scale tone. The third pulse 206 having a 
four-eighths (4/8) width may be applied to the inner subpixel 
and the outer subpixel to produce a four-eighths gray-scale 
tone. The production of the remainder of the gray-scale tones 
is analogous, and shown in FIG. 2. 

This system may be scaled up to produce 2 N gray-scale 
tones, where N can be a positive integer number, using 
analogous techniques . 
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FIG. 3 is a diagram of an alternative embodiment of 
waveforms driving the pixel shown in FIG. 1. The figure 
illustrates a four-bit example that provides sixteen (2 4 ) 
gray-scale tones. The two subpixels provide one spatial bit 
(s=l) . The waveform provides three pulse widths (e=3) . 
Shaded pulses may be applied to the inner subpixel, and 
unshaded pulses may be applied to both the inner subpixel and 
the outer subpixel. 

The least-significant pulse width, shown as the shaded 
first pulse 302, and the next-to-the-least-signif icant pulse 
width 304, are about the same width, for example, one-eighth 
(1/8) . These pulses can be applied to the subpixels in a 
similar manner as described with reference to FIG. 2 to 
produce the 1/16, 2/16, and 3/16 gray-scale tones. 

A third pulse 306 may be about twice the width (2/8) of 
the first pulse 302 and the second pulse 304. The third pulse 
may be applied to the inner subpixel 104 and the outer 
subpixel 102 to produce a four-sixteenths (4/16) gray-scale 
tone . 

A fourth pulse 308 may be about four times the width 
(4/8) of the first pulse and the second pulse. The fourth 
pulse may be applied to the inner subpixel 104 and the outer 
subpixel 102 to produce an eight-sixteenths (8/16) gray-scale 
tone . 
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The production of the remaining gray-scale tones is 
analogous, and shown in FIG 3. 

Increasing the number of spatial bits may increase the 
width of the least-significant pulse width. For example, four 
subpixels may represent 2 spatial bits. The four subpixels 
may have a light output ratio of 1:1 and be concentric, for 
example, one within another. The modulated waveform may have 
2 N ~ S pulses of different widths, and the least-significant 
pulse width and the next-to-the-least-signif icant pulse width 
would each have a width of 2 S /N. 

FIG. 4 is a diagram of an alternative embodiment of 
waveforms driving a pixel having two spatial bits (s=2) . The 
figure illustrates a three-bit example that provides an eight- 
tone (2 3 ) gray scale. The pixel may have four subpixels. The 
four subpixels, a, b, c, and d may v be concentric with "a" as 
the innermost subpixel. The subpixels may have a light output 
ratio of about 1:1:1:1 or an area of about one-quarter (1/4) 
of the area of an undivided pixel. The letters a, b, c, and d 
within the pulses shown in FIG. 4 represent the subpixels to 
which the pulses are applied. The least-significant pulse 
width 402 and the next-to-the-least-signif icant pulse width 
404 may each have a width of one-half (2 2 /8) . The first three 
gray-scale tones are produced similarly as described with 
reference to FIG. 2. 
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The four-eighths (4/8) tone may be produced by applying 
the first pulse 402 and the second pulse 404 to the outermost 
subpixels "c" and w d." The production of the remainder of the 
tones is analogous , and shown in FIG. 4. 

A skilled artisan will recognize that subpixels "c" and 
"d" may be combined into one subpixel having twice the light 
output ratio of the innermost subpixel. 

FIG. 5 is a diagram of another alternative embodiment of 
waveforms for driving a pixel having two spatial bits (s=2) . 
Three pulse widths (e=2) may produce sixteen gray-scale tones. 

The least-significant pulse width, shown as the shaded 
first pulse 502, and the next-to-the-least-signif icant pulse 
width 504, are about the same width, for example, one-fourth 
(1/4). These pulses can be -applied to the subpixels in a 
similar manner as described with reference to FIG. 4 to 
produce the 1/16, 2/16, and 3/16 gray-scale tones. 

The four-sixteenths (4/16) tone may be produced by 
applying a third pulse 506 to the subpixels "a" and "b." The 
eight-sixteenths (8/16) tone may be produced by applying the 
third pulse 506 to all four subpixels. The production of the 
remainder of the tones is evident from FIG. 5. 

FIG. 6 is a diagram of another alternative embodiment of 
waveforms for driving a pixel. The pixel in this system is 
not divided into subpixels. The figure illustrates a three- 
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bit example that provides an eight-tone gray scale (2 3 ) . The 
waveform is a combination of pulse-width and pulse-height 
modulation in that it provides two pulse widths and two 
voltage levels (e=3) . The waveform may replace pulses of 
short widths with pulses of longer duration and reduced 
voltage levels. 

The least-significant pulse width, shown as the shaded 
first pulse 602, and the next-to-the-least-signif icant pulse 
width 604 may be about the same width. This pulse width is 
about twice the width (2/8) of the least-significant pulse 
width of a typical pulse-width modulated signal (1/8).. The 
least-significant pulse, however, may be of unequal amplitude 
compared to the second pulse, for example, about half the 
amplitude of the second pulse. The most-significant pulse 
width 606 example may be about twice the width of the other 
two pulses and about the same amplitude as the second pulse. 

The first pulse 602 may be applied to the pixel to 
produce a first gray-scale tone (1/8) and the second pulse 604 
may be applied to the pixel to produce a second gray-scale 
tone (2/8) . The first pulse and the second pulse may be 
applied to the pixel to produce a third gray-scale tone (3/8) . 
The third pulse 606 may be applied to the pixel to produce a 
fourth gray-scale tone (4/8) . The production of the remainder 
of the tones is analogous, as shown in FIG. 6. 
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A number of embodiments of the invention have been 
described. Nevertheless, it may be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are within the' scope of the following claims. 
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